Abstract. For the automatic warehouse slotting optimization problems, the mathematical model of multi-objective optimization is established in order to improve the turnover efficiency and meet the requirements of shelf stability. Combined the local search ability of simulated annealing algorithm with the fast global searching ability of genetic algorithm, the genetic annealing algorithm based on slotting optimization is proposed and applied to the solution of the mathematical model. The shelf rated load weight is added to the constraint conditions, which ensures the operational reliability and stability of the automated warehouse. The algorithm is verified by simulation with MATLAB, which showed that genetic annealing algorithm can more effectively solve the problem of slotting optimization.
Introduction
The operating efficiency of warehouse depends largely on the slotting optimization [1] . The optimal storage space of goods guarantees the reliability of the storage shelves, shorten the operation time and improve the efficiency of warehouse operations [2] . Many domestic and foreign experts have done a deep study: Stefano Starita proposed a hybrid genetic algorithm and two-level genetic algorithm for solving multi-objective optimization model with turnover efficiency and shelf stability as the goal [3] . Xiaoyu Ma proposed improved particle swarm algorithm for slotting optimization and got solution of location assignment with Pareto optimal condition [4] .
The Principles of Location Assignment
Goods allocation should follow the following principles: Shelf stability principle [5] ; Advanced into the warehouse is preferred to leave the warehouse [6] ; Principle of proximity; Product correlation principle [7] ; the correlated goods should be placed in the adjacent area which is convenient for the storage management.
The Establishment of Slotting Optimization Mathematical Model
The shelves have A rows. Each row has B column and C layer. The coordinates of the goods in D row D column D layer is (x d , y d , z d ). Assume that the length and width of the goods allocation is same and the position of the center of gravity of goods is the center position of the shelves. Each goods allocation is only stored one kind of goods. The mathematical model of slotting optimization problems are as follows.
(1)According to shelf stability principle, the objective function is as follows. 
In the formula, f 1 is the product of the weight of the goods and the number of layers on each shelf. m d is the weight of item D. n d is the number of goods of item D. l is the length of a location. Q d is the turnover rate of item D.
(2)The goods of high turnover should be placed the nearest location distance from exit. The objective function is as follows.
In the formula, v x ,v y and v z is the average moving speed of the stacking machine in three directions along the X axis, Y axis and Z axis; f 2 is sum of products of the distance to exit and the turnover rate of goods.
(3)With the principle of product correlation as the goal, the objective function is as follows. (4)Constraint conditions: Considering shelf stability principle [8] , the rated load of goods should be under the median line of shelf. The objective function is obtained:
In the formula, h is the height of a location. M is the rated load weight of shelf. H is the height of the shelf,
M is the rated load of a location. M is substituted into the above mathematical equations and gets the following function:
Space constraint conditions are as follows:
Multi objective function problem is impossible to achieve the optimal solution for each objective function [9] . The weight coefficient transformation is an ideal method to convert the multi objective function problem into a single objective function [10] . According to the weight coefficient transformation method, the obtained objective function is as follows. 
Realization of the Location Assignment Optimization Model
For the problem of objective function of location assignment optimization, genetic algorithm is used to solve this problem. Genetic algorithm has a strong ability to search the whole solution space, but the local optimization ability is poor. Simulated annealing algorithm is an effective method to find the global optimal solution, which has strong local search ability, and can make up for the lack of local optimal of genetic algorithm.
(1) Coding According to the location characteristics, this paper uses integer encoding. All the goods apply the sequence encoding, then the goods randomly generates with the corresponding encoding [11] .
(2) Initial population Set the maximum number of evolutionary [12] . M individual components of the initial population are randomly generated. The number of individuals in a group is called size population.
(3) Fitness function Fitness is the degree of adaptation about the chromosome individuals to the environment [13] . The multi objective function is integrated into the fitness function by the weight coefficient transformation method. 2) The individual of the former N/Q are selected as the fitness function from the sort sequence (N represents the number of individual species [14] , and Q represents the number of the objective function).
3) These individuals are merged into the next generation of population individuals according to the sequence.
(5) Crossover The crossover is to exchange and recombination gene from parent chromosome which is randomly selected according to a certain probability, and get individual with a genetic characteristics of the parent [15] . These new excellent individuals improve the diversity of the population. Partial mapping cross is applied by the cross operation: 1) Two crossing points are selected on the parent chromosome, and the two crossing points are mapped segments.
2) Exchange two mapping segments.
3) According to the two crossing points, get the mapping relationship between some gene codes.
4) Gene codes that do not have a mapping relationship in the parent generation are inherited by offspring.
(6) Mutation Mutation is to generate new genetic information based on a certain mutation probability [16] . Swap variation method is used to mutation, we randomly selected two genes in the individual coding to swap and generate a new individual, which can increase the population diversity and prevent the phenomenon of premature convergence of genetic algorithm.
(7) Local search The objective function is used as internal energy, and the control parameters are temperature t. Start from the initial temperature and initial solution, repeat the iterative process which is to generate the new calculation function, to calculate function difference and approval accept or no. The T value is gradually reduced until the optimal solution algorithm is obtained.
1) The initial temperature is t 0 . The termination temperature is t e and the cooling coefficient is a.
2) According to the objective function value, the size of the fitness function value is compared., is the degree of fitness of individuals after the ith times crossover and mutation . If and (rand is a random number between 0~1) then end algorithm; Otherwise, continue the iteration.
3) Anneal:
, return step two. 4) If ie tt  , end algorithm.
Experiment Simulation and Demonstration Analysis
Automated warehouse shelf parameters are set as follows: The shelf has 1 row, 5 columns and 6 layers, 30 locations. Single location length is 1m (l=1m), height is 0.8m (h=0.8m).The rated carrying capacity of each location is 20kg. The average horizontal moving speed of the stacking crane is 3m/s, the average vertical movement speed is 1m/s. The population size of genetic algorithm is 100. The maximum iteration number is 400, Mutation probability is 0.05 (P m =0.05), Crossover probability is 0.7(P c =0.7). The initial temperature of simulated annealing algorithm is 100 (t 0 =100), termination temperature is 1(t e =1), cooling coefficient is 0.8(a=0.8). The weight coefficient is as follows: w 1 =0.6, w 2 =0.3, w 3 =0.1.
The weight and turnover frequency of the goods as well as the number of goods are as shown in table 1 and table 2 We obtained the corresponding location number of goods after optimization, as well as the objective function evolution graph of genetic algorithm and genetic annealing algorithm through MATLAB. First line  13  2  23  22  4  11  Second line  19  3  12  24  26  7  Third line  5  16  14  25  20  8  Fourth line  18  6  28  21  1  15  Fifth line  9  29  10  27  17  30 According to the comparison of the following two graphs, genetic annealing algorithm can quickly find the optimal solution, and the number of iterations is several times less than the genetic algorithm. Convergence speed of genetic algorithm is slow, and there are fluctuations in the process of optimization. Genetic annealing algorithm has fast convergence rate, and the process of the optimal solution is more stable. Before optimization, the genetic algorithm can obtain the optimal solution to 523; after optimization, the optimal solution is 521, reduced by 0.38%. Genetic annealing algorithm avoids premature convergence of genetic algorithm, and improves the ability of local search which shows the effectiveness to solve the optimization problem of location assignment.
a) Genetic algorithm b) Genetic annealing algorithm Figure 1 . The objective function evolution graph of genetic algorithm and the genetic annealing algorithm.
Conclusions
Based on the analysis of the automated warehouse location assignment optimization problem, the paper established the location assignment optimization mathematical model. The genetic annealing algorithm is proposed to solve the mathematical model through the combination of genetic algorithm and simulated annealing algorithm. This algorithm compared to the previous genetic algorithm improves the quality of solution, makes the algorithm converge to the global optimal solution and makes up for the premature convergence of genetic algorithm. At the same time, the constraint of the load carrying capacity is added to the constraint of the algorithm, which ensures the stability of the shelf and the reliability of the automated stereoscopic warehouse operation. The simulation experiment of MATLAB shows that the genetic annealing algorithm is more effective for solving the slotting optimization problem of the automated stereoscopic warehouse.
